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1 Introduction
Informatics is a science in which a new 
knowledge system is built up by collecting and 
classifying information using computers and 
networks. Materials informatics is a technique 
that aims at innovative materials development by 
way of informatics, which includes such elements 
as materials design using computation science 
and databases, preparation of experimental 
design schedu les for mater ia ls  synthesis,  
automat ic  combinator ia l  s ynthes i s  when 
searching for new materials, high throughput 
screening, compiling databases from obtained 
data, data sharing through networks, visualization 
of data, and data mining to predict future 
materials. Materials informatics requires the 
integration of all these elements [1].
In the application of informatics, more progress 
has already been made by bioinformatics and 
organic materials informatics than by inorganic 
mater ials informatics. Automatic analyzers 
have been developed for bioinformatics, and 
large - scale data processing is carried out for 
the analysis of gene sequence data. These 
data are then used for the construction of 
gene information databases and statist ical 
analysis. Personalized medicine is one of the 
accomplishments of this sort of bioinformatics 
analysis. In the fields of organic materials and 
polymer development, new materials are also 
being developed by means of systematic synthetic 
methods using combinatorial methods and data 
processing technologies to cope with the large 
amounts of data involved.
Although informatics has not yet been widely 
used for inorganic materials, such as ceramics, 
glass, and semiconductors, some organizations 
are now conducting research and development 
into the use of  in format ics for synthet ic 
processes, developing new catalysts by means 
Figure 1 : Relationship between the development of various materials and informatics 
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of combinator ial mater ials and integrating 
various processes from materials design through 
to collection of the data in a single data set. 
Particularly in the research being carried out by 
commercial companies, systematic searches for 
new materials are now being made which require 
large-scale data analysis, resulting in the need for 
materials informatics in this field also [2].
2 Similarities to and
 Differences from Informatics
 in Other Fields
Similarities and differences with inorganic 
mater ia ls  in format ics can be clar i f ied by 
compar ison with other ex ist ing f ields in 
informatics. As mentioned above, informatics has 
already been used in the fields of bioinformatics 
and organic synthesis.
The bioinformatics system has been established 
by integrating gene information and genetic 
statistics [4], and research on bioinformatics is 
being actively pursued. Bioinformatics aims at 
organizing the genetic information of organisms 
(the genome) and consists of database -related 
functions such as the systematic collection 
and storage of data on DNA base sequences, 
and data analysis software that visualizes the 
data so that they can be intuitively compared. 
Bioinformatics analyzers create these large-scale 
databases automatically, using the most advanced 
computer technologies available to process large 
amounts of data rapidly. Since there is a problem 
of compatibility between the data obtained by 
different research organizations, tools are used 
to transform the data so that they can be shared 
among these organizations.
O r g a n ic  s y nt he s i s  i s  a no t he r  f i e ld  i n  
which informatics is being developed. Since 
combinator ia l  methods, by which a large 
group of compounds can be synthesized at 
one time by combination, greatly increase 
the speed of mater ials synthesis and make 
it possible to pioneer the creation of new 
materials, this technique has been widely used 
for the development of new polymers and 
pharmaceuticals. The use of combinatorial 
synthesis makes it possible to create a large-scale 
library of compounds with similar molecular 
structures, and the activities of specific chemical 
structures and their reactions with functional 
groups can then be predicted utilizing such a 
library. When possible candidate combinations 
fo r  a  spec i f i c  pu r pos e  a re  fou nd ,  such  
combinations are selected and commercialized. 
The process is being automated further using 
robots, and many venture companies have been 
established in this field. However, since the 
purpose of informatics is to monopolize the 
results ahead of other companies, these databases 
are often kept within the confines of a company 
or group.
A lso in the f ield of inorgan ic mater ia ls 
research, much data on ceramics, glass and 
semiconductors have been accumulated with 
regard to their material characteristics, crystal 
structures, and suchlike. However, past data in 
this field have often been collected by different 
research groups and stored in different forms, 
some numerical and some graphical, and not all 
of these are compatible with each other. Another 
difficulty in applying informatics to research 
on inorganic materials results from the fact 
that a material can have diversified aspects and 
properties that cannot always be simply defined 
digitally. Research on inorganic materials is 
quite different from that on organic materials or 
biology where digital expressions can be used. 
For example, while zirconium dioxide (ZrO2) is 
used as a material for gate insulating film, it is 
also used as an ion conductor. When zirconium 
dioxide is used as a material for gate insulating 
film, it is necessary to reduce the number of 
oxygen - induced holes so that the insulating 
character istics are improved. In this f ield, 
therefore, most of the data accumulated refer to 
the addition of agents to improve the insulating 
characteristics and the values of the insulating 
characteristics obtained. In contrast, when 
zirconium dioxide is used as an ion conductor 
or sensor to increase conductivity by increasing 
the oxygen-induced hole concentration, most of 
the data collected apply to processing conditions 
that reduce electrical resistance and impurities 
that increase conductivity. In this way, completely 
different data are required for the same material, 
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depending on the purpose of the research. 
Therefore, a materials informatics system cannot 
be built by conventional methods in which 
different materials are synthesized by different 
methods and only specific characteristics are 
evaluated.
The use of the combinator ia l  mater ia l s  
synthesis method in the development of inorganic 
materials can change all this [3]. It has been 
shown that the use of combinatorial method 
to synthesize a large group of compounds by 
combination is a very effective way to develop 
new materials such as catalysts. Building an 
informatics system requires that the relevant 
character istics are measured automatical ly 
and systematically at each stage and that the 
data are then stored. Therefore, in addition 
to “Combinatorial Materials Synthesis”, the 
establishment of “High Throughput Screening” 
is indispensable when building a materials 
informatics system.
When developing an informatics system, 
experiments must be carried out by combining 
the combinatorial materials synthesis method, 
which enables systematic changes to be made 
in composition and growth conditions, with the 
evaluation of the characteristics of synthesized 
materials. In the example of zirconium dioxide, 
mentioned above, characteristics such as oxygen 
partial pressure and electrical resistance are 
automatically measured and these data are stored 
in a single data set along with the synthetic 
conditions. Some data from this data set can then 
be used to provide information on insulation 
films for dielectric gates while other data can be 
used to provide information on ion conductors. 
The collection and compilation of such a data 
set is the f irst step in bui lding a materials 
informatics system. In other words, it is necessary 
to take the data format to be used for materials 
informatics into consideration when developing 
new materials. The automatic processing of 
large amounts of data is also an indispensable 
requi rement for the use of combinator ia l  
methods.
At present, there are only a few such sets 
of data avai lable, and the var ious research 
organizations developing materials informatics 
systems are aiming at different targets, so the 
results are not always organized in a mutually 
compatible form. Since materials informatics is 
still only in the initial stages of development, it is 
necessary to share databases in order to mutually 
complement the database information already 
available. Evaluation items in materials research 
are so diversified that it is difficult, in practice, 
to automatically measure all the data involved, 
so it is in everyone’s benefit that all research 
organizations assist each other by sharing data.
3 Present Status of Materials
 Informatics and Issues
 to be Addressed
Research activities in inorganic materials 
informatics are being conducted separately 
by each research group in each country, and 
this l imits their achievements considerably. 
Activities are stil l focused at the discussion 
stage concerning the control and storage of 
data relating to combinatorial experiments and 
have not yet reached the stage of data mining in 
which searches are carried out for new materials. 
This results from the fact that different research 
groups collect data using different methods 
so that data cannot always be shared. As a 
consequence, data suitable for data mining have 
therefore not yet been collected. In addition, 
characteristics evaluation takes considerable time, 
making it difficult to collect much data in a short 
period. Thus, it will take a long time to achieve 
the materials informatics goal of being able to 
predict new materials by means of data mining.
However, research towards this materials 
informatics goal is making progress in other 
fields. The field of catalyst research is particularly 
active, since catalytic ability can be digitally 
evaluated. Miyamoto and Kubo’s group at Tohoku 
University and other groups elsewhere have made 
appreciable progress in predicting new catalysts 
and veri fying their commercial production 
process, predicting their material characteristics 
using computation science[5].
A l t h o u g h  m a n y  r e p o r t s  o n  m a t e r i a l s  
development using combinatorial methods have 
been published recently, it is estimated that only 
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about 10% of them contribute to the advancement 
of materials informatics. Moreover, these methods 
are applied only to a limited range of materials, 
such as catalysts, borrowing from the methods 
used in informatics in other f ields such as 
bioinformatics.
The use of existing databases for building 
a materials informatics system is also being 
investigated. For example, databases on X-ray 
diffraction, phase diagrams such as Linus Pauling 
Files, JANAF Tables necessary for the calculation 
of free energy, and so on are provided by overseas 
national research institutes, including the 
National Institute of Standards and Technology 
(NIST). In Japan, the National Institute for 
Material Science and other organizations provide 
access to many international databases that 
provide the basic data necessary for materials 
development. However, as described above, 
some of these data are numerical and others 
are graphical, so they cannot always be used as 
suitable databases for predicting new materials, in 
practice.
Taking the above -mentioned circumstances 
into considerat ion, the main issues to be 
addressed regarding the development of materials 
informatics can be summarized as follows:
(i) Redefinition of database formats, aiming at 
improved data sharing
(ii) Database networking and the development 
of software for data sharing
(iii) Development of data analysis software and 
visualization software
(iv) Development of software for data mining 
from databases
(v)  P red ic t ion of  new f u nct ions  by the 
combination of data mining and computation 
science
(vi) Standardization of platforms that integrate 
all these factors
Of these, item (vi), in particular, will form the 
foundation of materials informatics. Since no 
single organization can address all these issues, 
domestic as well as international cooperation 
from the long-term perspective is required.
4 Realization of Materials
 Informatics
4-1 Introduction of combinatorial methods
 and the sharing of data formats
I ncrea s i ng  the  e f f ic ienc y  of  mater i a l s  
development is one of the targets for materials 
informatics. In the past, experimental samples 
of inorganic materials have been prepared 
individually and evaluated individually. When 
using combinatorial methods, several hundred 
samples can be synthesized at one time so 
the introduction of the combinatorial method 
becomes a prerequisite for the development 
of materials informatics. New research into 
inorgan ic mater ia l s ,  based on the use of  
combinatorial methods, has already started [6 -8].
When using combinatorial methods, data are 
collected throughout the materials synthesis, 
evaluation, and analysis process. To obtain data 
on the synthetic process as efficiently as possible, 
equipment is required to integrate, control 
and implement each rate-determining stage of 
the process as quickly as possible. Since the 
evaluation and analysis of data are independent 
processes, di f ferent equipment is required 
for each one and these processes constitute 
most of the time required for data collection. 
Furthermore, tools for data control and analysis 
are also required for the efficient analysis of the 
data in a systematic manner. It would be even 
better if all these processes were automated.
The characteristics evaluated are dependent 
on the objectives of the materials development 
process. However, in order to share the data 
obtained to build an informatics system, it is 
necessary to measure and store data related to a 
minimum number of common properties, such as 
the structures evaluated by X-ray diffraction and 
electrical resistance and those properties specific 
to each material, in a common data format. One 
thing that may differ from informatics in other 
fields is that there may be several blank items in 
the data matrices produced.
First, data are stored in the data servers of 
individual research organizations and then 
these servers are l inked together to form a 
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massive virtual database. The most practical 
way of linking servers is to use Web technology. 
Furthermore, by obtaining information on 
synthetic conditions for the establishment of 
future experimental plans by exchanging data 
with other research organizations over the Web, 
the efficiency of the research undertaken will be 
significantly improved.
Even i f the existing data (such as phase 
diagrams and thermodynamic data) necessary for 
the development of new materials are dispersed, 
the speed of materials design will be significantly 
accelerated by obtaining them through the Web. 
At present, there is no system in the field of 
inorganic materials that enables the reuse of past 
data on synthesized materials among different 
researchers and research organizations. Since 
past reports on the synthesis of materials do 
not always contain details of the experiments 
conducted, other researchers must often repeat 
the same experiments again. Lack of information 
exchange leads to situations in which different 
researchers duplicate the synthesis of the same 
material by the same method even though their 
experimental aims and objectives are different. 
For example, many of the materials used for the 
catalysts of fuel cells and the metallic gates of 
integrated circuits are common to both and the 
properties to be evaluated, work function for 
the former and surface potential for the latter, 
are very similar. Therefore, research into the 
synthesis of materials in both fields would be 
greatly accelerated if both were synthesized and 
evaluated in the same manner. To achieve this, 
it is necessary for all research organizations to 
store data in a common format so that they can 
be retrieved through the Web. To start with, 
therefore, it is important to develop a common 
data format and enrich the existing data so that it 
can be shared among all researchers (Figure 2).
4-2 Common data format
In a sense, a materials informatics system is 
a combination of the databases and software 
tools needed for experiments and the core 
of the system is a group of shared databases 
Figure 2 : Outline for establishing a shared database among different platforms
Prepared on the basis of material provided by Associate Professor Lippmaa
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consist ing of  exper imenta l  data.  Present 
materials informatics systems being built by some 
organizations provide data sharing and retrieval 
only within a closed system, and relational 
database formats such as SQL (Structured Query 
Language) are usually used for data description. 
Because most data are only monopolized by an 
organization in order to implement materials 
syntheses and evaluation over a short period 
of time, the SQL format seems to be sufficient. 
However, it is not adequate for making use of the 
data for the development of other materials by 
building an informatics system.
In building a materials informatics system, 
many kinds of data relating to synthetic methods 
and processes must be collected, and these 
data are often described in diversified formats. 
Therefore, it is necessary to store the data in 
extensible formats. At present, the most effective 
data format is XML (extensible markup language), 
which predefines the data to be described. 
XML files are a convenient means for multiple 
organizations to share materials informatics 
because they are text files. The biggest advantage 
is its extensibility. Data description using XML 
not only solves the problem of compatibility but 
can also use existing software. It is also possible 
to use various existing analytical software tools 
for data analysis. The adoption of this format 
was proposed by Associate Professor Lippmaa of 
the University of Tokyo, at the Gordon Research 
Conference held in England in August 2005 [9]. 
This proposal attracted the attention of many 
countries, and it is very possible that this format 
will become the global standard (Figure 3).
Once the collection of massive amounts of 
data is begun using a common format, the search 
for new materials using data mining becomes 
possible. Data mining refers to the technology 
used to extract information from a large-scale 
database to disclose previously undiscovered 
relationships. Data mining technology is already 
being used in organic synthesis to elucidate the 
principles of chemical reactions and to build 
reaction models.
Figure 3 : An example of materials informatics structure using XML
 Prepared on the basis of material provided by Associate Professor Lippmaa
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5 Trends towards Materials
 Informatics Development in
 Various Countries
Organic chemical and catalyst industr ies 
around the world have already established a 
market using combinatorial methods. According 
to “Combinatorial Chemistry: Products & Service” 
published by the U.S. market research company, 
Freedon ia Group Inc.,  the combinator ia l  
chemistry market is expected to grow by 15 - 
21% annually between 1996 - 2011, reaching $6.3 
billion[18]. Of this $6.3 billion market, the sale of 
catalysts is expected to contribute $1.35 billion 
and that of polymers $401 million. Including 
other markets and related industries such as that 
of inorganic electronic materials and devices, the 
total market is expected to reach $8 billion in 
the future. Therefore, many countries are trying 
to build more effective informatics systems to 
make their research and development work more 
efficient.
Table 1 shows the present status of informatics 
being developed in various countries.
5-1 Present status in the U.S.A.
Most materials research using the combinatorial 
method is found in the U.S.A. By expanding the 
use of combinatorial materials research, many 
research organizations are now attempting to 
establish databases integrating data on materials 
design, synthetic methods, and data collection 
into a single data set. Commercial companies, 
in particular, are developing systems to discover 
new materials and the importance of informatics 
in processing large amounts of data is increasing.
(1) Research and development in
 commercial companies
Genera l  E lec t r ic  Company (GE )  i s  one 
o f  t he  U. S .  compa n ie s  t ha t  a re  ac t ive ly  
utilizing combinatorial methods for materials 
development. GE Global Research has been using 
combinatorial methods for the development 
of various materials for use as heterogeneous 
c a t a l y s t s ,  s t r uc t u r a l  m a te r i a l s ,  a nd  fo r  
biochemistry[10]. GE Global Research has two 
researchers in charge of the development of 
materials informatics, one of whom controls the 
data and establishes the database. In order to 
implement efficient materials design, they are 
attempting to develop effective experimental 
design schedules and to automate the data 
col lection process. The sof tware they use 
includes Oracle and Visual Basic for building the 
databases. They aim at more efficient materials 
development by visualizing the data taken from 
the combinatorial library.
Symyx Technologies Inc.[11] is one of the 
most successful venture companies which use 
combinatorial methods for developing new 
materials. This company also sells equipment 
for developing mater ia ls and sof tware for 
building informatics systems. This company 
also commissions new materials development 
projects, and is considered to be a successful 
business model by other venture companies.
(2) Research and development at a national
 research institute
The National Institute for Standards and 
Technology (NIST) has, under the Advanced 
Te c h no lo g y  P r o g r a m ,  b e e n  s upp or t i ng  
commercial companies that conduct research 
on combinatorial materials since 1999. In 2001, 
the Combinatorial Method Center (NCMC) was 
established within NIST[12]. At the Center, an 
informatics system is now being established 
that actively focuses on organic polymers. To 
accelerate research on materials development by 
rationalizing the combinatorial research work, a 
system called Laboratory Research Informatics 
( L R I S )  h a s  b een  de s ig ned .  T h i s  s y s tem 
implements the automatic control of various 
combinatorial facilities, collection and storage of 
data, and the creation of databases. SQL is used as 
the language format, and the databases are made 
available on the Web so that outsiders can access 
the data.
(3) Research and development at universities
The Combinatorial Sciences and Materials 
Informatics Collaboratory (CoSMIC) is a research 
organization involving collaboration between the 
Rensselaer Polytechnic Institute, the University of 
Maryland, and Florida International University[13], 
at which materials informatics is being studied. 
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CoSMIC obta ins research funds f rom the 
National Science Foundation (NSF) as part of the 
International Materials Institutes (IMI).
The most important activity in CoSMIC relating 
to materials informatics is the data mining of 
existing databases to predict new materials. 
To implement practical data mining, a method 
that compares the results obtained from the 
combinatorial methods with existing phase 
diagrams is used. Saxena, at Florida International 
Table 1 : Present status of informatics being developed in various countries
Country Organization, university Field of research Remarks
U.S.A.
NIST
Organic polymers, 
catalysts
Supporting many venture companies in the field 
of combinatorial materials research under the ATP 
Program since 1999. Building an informatics system 
related to organic polymers. Also has databases relating 
to inorganic materials and a center of research on 
informatics in the U.S.A.
General Electric 
Company
Metals, catalysts, etc.
Has established a unique informatics system, developing 
a wide range of materials.
Symyx Technologies, Inc.
Catalysts, various 
materials, evaluation
Licensing its own software to other companies.
Accelrys Software Inc.
Computation science for 
catalysts
Developed software for informatics. Also has bases in the 
EU.
University of Maryland Dielectrics, thin films Carrying out the CoSMIC Project as part of NSF’s IMI.
Massachusetts Institute 
of Technology
Catalysts Computation science method for informatics.
University of Delaware Catalysts Development of heterogeneous catalysts and informatics.
Rensselaer Polytechnic 
Institute and Iowa State 
University
Informatics theory
Cooperative development of data mining software 
under CoSMIC. (Due to a change in the position of the 
researcher part-way through)
E
U
Germany
hte Company Catalysts
Development of high throughput screening equipment and 
software for catalyst development.
Saarland University Catalysts Promotion of catalyst development using a new algorithm.
Netherlands
Eindhoven University of 
Technology
Organic materials, thin 
film materials, catalysts
Cooperating with the Dutch Polymer Institute. Has 
developed a unique informatics system.
France TOPCOMBI Catalysts
Led by CNRS, with the participation of 22 national 
institutes, universities, and private companies in the EU. 
The research base is in Lyon.
United 
Kingdom
University of 
Southampton
Organic materials, 
polymers, catalysts
A COE organization. The research base is in the United 
Kingdom.
A
sia
Korea
Korea Advanced 
Institute of Science and 
Technology (KAIST)
Catalysts, various 
electronic materials
Aiming to become a research base in Korea for 
combinatorial methods and informatics.
China Accelergy Corporation Development of catalysts
The research bases are in Palo Alto (California, U.S.A.) 
and Shanghai.
Japan
Asahi Kasei Corporation Organic polymers, etc.
Has built a unique informatics system. Has a laboratory in 
the University of Southampton.
National Institute for 
Material Science
Semiconductor-related 
materials
COMET Project (1999 to 2005)
National Institute of 
Advanced Industrial 
Science and Technology
Catalysts Informatics using software available on the market.
Tokyo Institute of 
Technology
Catalysts, fluorescent 
materials
Research under the CREST Project (1995 to 2000).
University of Tokyo
Thin film materials, 
measuring techniques
Proposed an international standard for informatics.
Tohoku University
Oxides, thin films, 
computation science
Application to oxide electronics. Combinatorial 
computation science.
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University, plays a central role in establishing 
massive databases relating to materials research. 
A group led by Rajan of Rensselaer Polytechnic 
Institute (now at Iowa State University) is carrying 
out a project to develop various types of analysis 
sof tware relating to data mining. Rublof f, 
Takeuchi, et al. of the University of Maryland are 
conducting research on establishing a materials 
informatics system using the data obtained 
from combinatorial libraries by developing a 
data handling tool that provides feedback for 
combinatorial synthesis. For example, they are 
developing software that enables stereoscopic 
visualization of several hundred X-ray diffraction 
spectra simultaneously by visualizing data using 
a simple visualization technique in order to 
accelerate the research and development of new 
materials. CoSMIC now aims to develop a Web 
port that would allow global data exchange 
among collaborators using the Internet.
Research on materials informatics is also 
being conducted at other universities in the 
U.S.A. For example, a group led by Lauterbach 
at the Chemical Engineering Department of 
the University of Delaware is carrying out an 
active program of combinatorial research into 
heterogeneous catalysts, involving the use of 
informatics. At the Massachusetts Institute of 
Technology, Morgan et al. at the Department of 
Materials Science and Engineering are conducting 
research on the application of the first-principles 
calculation to combinatorial materials synthesis 
and data mining. In th is research, cr ysta l 
structures and physical properties are calculated 
for all chemical compounds, and the calculation 
results are verified by comparing them with 
experimental results and existing databases. The 
massive database of calculation results is then 
used for the prediction of new materials. Such a 
screening technique for materials based on the 
use of computation science may become one of 
the standard methods for materials development 
in the future.
5-2 Present status in Europe
Since the research and development of 
catalysts has been actively pursued in Europe, 
combinatorial studies on catalysts and organic 
polymers are quite common and the importance 
of informatics has long been recognized.
(1) Research and development in
 commercial companies
T he  G e r m a n  co mp a ny,  h t e ,  h a s  b e e n  
developing catalysts using a screening technique 
called the “virtual library” based on computation 
science [14]. Recently, the company proposed 
the term “MatInformatics”, meaning materials 
informatics, and is now preparing an operating 
envi ronment and developing sof tware for 
MatInformatics in cooperation with the Accelrys 
Software Inc. They have developed Descriptor 
Property Relationships (DPR) as an analytical 
tool for exploring data relationships based on an 
algorism similar to the genetic algorism.
(2) Research and development at universities
Maier et al. at the Saarland University in 
Germany are actively developing new catalysts 
using flow charts (experimental design charts) 
for combinatorial materials research. They are 
attempting to build a materials informatics 
system and implement data mining in order 
to select optimal compositions for the highest 
catalytic activity from more than 500 candidate 
composit ions by adopting an evolutionary 
algorism. Schubert et al. at Eindhoven University 
of Technology in the Netherlands established the 
Dutch Polymer Institute (DPI) as an industry-go
vernment-academia research organization[15] in 
order to build a materials informatics system for 
shared use within the organization.
(3) Measures taken by the EU
I n  20 05,  a  mu l t i l a te r a l  pro jec t  ca l l ed  
“TOPCOMBI” was initiated by the European 
Commission, involving combinatorial materials 
development  a nd mater i a l s  i n for mat ics .  
Twenty-two companies, universities, and research 
institutes from 11 countries of the EU participated 
in “TOPCOMBI”[16]. “TOPCOMBI” is led by CNRS 
of France, whose representative is Mirodatos of 
CNRS. Its budget is said to be about ¥4.5 billion. 
Although the main aim of this project is to 
promote catalyst development based on the use of 
combinatorial methods in the EU, the building of 
a materials informatics system is also included.
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5-3 Present status in Asian countries
The Accelergy Corporation is a Chinese 
c o m p a n y  t h a t  m a ke s  u s e  o f  m a t e r i a l s  
informatics [17]. This company has business 
bases in Palo Alto (California) and Shanghai. 
The company receives orders for materials 
development in the U.S.A. and carries them out 
in a large-scale research and development center 
located in Shanghai. This business model enables 
research and development costs to be reduced 
and results in the quick delivery of results. Its 
main business is to sell combinatorial materials 
synthesis systems for catalysts and software for 
use in materials informatics, and it also develops 
electronic mater ia ls. The company is a lso 
active in purchasing related venture companies 
established in the U.S.A.
In Korea, there is growing interest in informatics 
as research on combinatorial materials becomes 
more popular. Although the Korea Advanced 
Institute of Science and Technology does not 
possess materials informatics technology at 
present, it is very interested in the technology 
and frequently participates in international 
conferences on combinatorial materials in order 
to collect information.
5-4 Present status in Japan
(1) Research and development in
 commercial companies
There are many companies in Japan that 
are involved in organic molecular synthesis 
a n d  p h a r m a c e u t i c a l s  d i s c o v e r y  u s i n g  
combinatorial chemistry, and research websites 
on combinatorial chemistry are found on the 
Internet[19]. Unfortunately, however, only a few 
companies are attempting to build combinatorial 
mater ia ls science or mater ia ls in formatics 
systems. Asahi Kasei Corporation is one Japanese 
company that is enthusiastic about combinatorial 
mater ials synthesis and the bui lding of an 
informatics system[20]. The company established 
a laboratory in the University of Southampton 
to promote new materials development and 
the building of a unique informatics system. 
Moritex Corporation, Hitachi High-Technologies 
Corporation, and Pascal Corporation all sell 
equipment for combinatorial materials synthesis 
systems. The portable combinatorial materials 
synthesis equipment of Pascal Corporation, in 
particular, has now become an industry standard 
for the combinatorial materials synthesis of thin 
films[21].
Although Ryoka Systems Inc., Teijin Systems 
Technology Ltd., and Sumisho Electronics 
Co., Ltd. (now Sumisho Computer Systems 
Corporation) sell computation science systems for 
use in combinatorial materials science, most of 
these companies currently just represent overseas 
software companies.
(2) Research and development at universities
 and public research institutes
The Tokyo Institute of Technology was the 
first to start research on combinatorial materials 
science in Japan and the basic concept was 
demonstrated in 1995. Among the organizations 
that have conducted research on materials 
development using combinator ial methods 
since then are the National Institute for Material 
Science, the Kansai Branch of the National 
Institute of Advanced Industrial Science and 
Technology, the Tokyo Institute of Technology, 
the University of Tokyo, and Tohoku University. 
The combinatorial materials research project 
“COMET”, which is a joint project involving 
the National Institute for Material Science, the 
University of Tokyo, Tohoku University, and the 
Tokyo Institute of Technology, cooperates with 
“CoSMIC” in the U.S.A. and their servers are 
mutually linked in order to complement each 
other’s data.
In Japan, however, research activities still 
remain within the project confines of each 
organization, whereas overseas countries have 
established research bases for combinatorial 
materials science so that research on materials 
in formatics is promoted from a long - term 
perspective.
6 International Conferences on
 Materials Informatics
It has been pointed out that both international 
competition and cooperation are needed for 
the development of mater ia ls in formatics 
using combinatorial methods. To discuss the 
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or ientat ion and development of mater ia ls 
informatics, a workshop was co - hosted by 
NIST (the National Institute of Standards and 
Technology) and CoSMIC - IMI (the Materials 
Institute for the Combinatorial Sciences and 
Materials = Informatics Collaboratory) in January 
2005. In this workshop, the concept of “Data 
Driven Materials Research”, combining materials 
science and informatics, was introduced. The 
Boeing Company, for example, provided specific 
examples of informatics showing the history 
of aluminum alloy development. New areas 
requiring the international sharing of massive 
amounts of data in other research fields were 
also introduced. For example, it was pointed 
out that in the field of astronomy the amount of 
data obtained in a year would reach the order of 
magnitude of a petabyte by 2010 and acquiring 
information from such a massive database 
would become a field of scientific research in 
itself. During the conference, problems facing 
the future of materials informatics, particularly 
problems of sharing data based on different 
degrees of accuracy and data obtained using 
different models, were also discussed.
I n  “ T h e  F i r s t  I n t e r n a t i o n a l  Ro a d m ap  
C o n f e r e n c e  o n  M a t e r i a l s  I n f o r m a t i c s ”  
subsequently held at the University of Maryland, 
the above-mentioned Associate Professor Lippmaa 
of the University of Tokyo introduced the concept 
of a data and informatics structure based on XML, 
and the possibility of using XML as the standard 
format for informatics in the future was also 
discussed.
7 Issues to be Addressed in
 Building a Materials
 Informatics System in Japan
Mater ia l s  in format ics a ims at  the rapid 
development of new materials by organically 
linking information on different processes for 
materials synthesis with materials data. In the 
course of mater ials development, complex 
measurement results are represented visually 
wherever possible, and the future direction of 
materials science will be significantly affected 
by developments in materials informatics. In 
overseas countries, ever since combinatorial 
methods were adopted in certain fields such 
as catalysts by commercial companies and the 
methods were industrialized, there has been 
a trend towards the establishment of central 
research bases around which an informatics 
system can be built by l inking these bases 
with each other. However, the application of 
informatics to the development of inorganic 
materials is still in the initial stages, worldwide.
Compared with such rapid advances in 
foreign countries, it is unfortunate that the 
importance of informatics has not yet been 
suff iciently recognized in Japan. A lthough 
materials development using combinatorial 
methods is listed in “Strategies by Fields, Second 
Basic Policies for Science and Technology” as 
an example of a technical target, the need to 
expand this to include informatics has not been 
recognized. Furthermore, the most serious 
problem in Japan is that much research and 
development is kept within the confines of each 
project by different research organizations.
Ta k i n g  a c c o u n t  o f  t h e  f a c t  t h a t  a l l  
m a nu f ac t u r i ng  i ndu s t r i e s  a r e  b a s ed  on  
materials, we must recognize the importance 
of materials informatics in enabling innovative 
materials development and start the systematic 
accumulation of data related to the research and 
development of inorganic materials in particular. 
To promote research and development in this 
field in Japan, the following measures must be 
taken.
(i)  A central research base for mater ia ls 
informatics should be established in Japan, 
to look at the subject from a long- term 
perspective. Multiple research institutes 
and universities should cooperate with this 
research base to establish an informatics 
system for promoting the development of 
new materials by exchanging information 
on the Web using a standard data format 
based on XML. The central research base 
should be equipped with foundry facilities 
and databases so that it can provide external 
organ izat ions,  i nclud ing commercia l  
companies, with the space for materials 
development based on materials informatics 
and the preparation of prototype devices.
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(ii)  Since building a materials informatics 
s ys tem ca n not  be  done  by  a  s i ng le  
organization, it requires long-term domestic 
and international cooperation. As for 
the standardization of data format, Japan 
should promote the use of the XML format 
for databases by actively proposing it 
internationally.
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